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(54) Control apparatus for exhaust gas recirculation system for diesel engine 



(57) An exhaust gas recirculation (EGR) control 
apparatus recirculates part of the exhaust gas dis- 
charged to a exhaust passage from a diesel engine to a 
intake passage and returns it to the engine. The control 
apparatus further includes an EGR valve for controlling 
gas flow in the EGR passage and pressure control valve 
for controlling the EGR passage. An electronic control 
unit (ECU) calculates the amount of air drawn into the 
engine as an estimated intake air amount based on the 
running condition of the engine. The ECU reads the 
amount of outside air drawn into the engine measured 
by an air-flowmeter as an actual intake air amount. The 



ECU obtains an EGR amount by calculating the differ- 
ence or ratio of the estimated and actual intake air 
amounts as the EGR amount. The ECU controls the 
pressure control valve based on the calculated differ- 
ence, thereby controlling the EGR valve 18. The EGR 
amount is controlled, accordingly. The ECU corrects the 
actual intake air amount measured by the air-flowmeter 
according to the difference between the estimated and 
actual intake air amount calculated while EGR is not 
being executed. 
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Description 
TECHNICAL FIELD 

The present invention relates generally to an 
exhaust gas recirculation (EGR) control apparatus for a 
diesel engine that recirculates part of the exhaust gas in 
an exhaust passage to an intake passage, returns that 
gas into the engine, and controls the amount of the 
recirculated gas. More particularly, this invention relates 
to an EGR control apparatus for use in a diesel engine, 
which apparatus calculates either the difference 
between an estimated amount of intake air and an 
actual amount of intake air, or the ratio of the estimated 
intake air amount to the actual intake air amount. The 
estimated amount is calculated based on various 
parameters representing the running condition of the 
engine and the actual amount is measured by intake air 
amount detection means located in the intake passage. 
The apparatus uses the calculated difference or ratio as 
the EGR amount and controls it. 

RELATED BACKGROUND ART 

Existing EGR apparatuses for use in diesel engines 
recirculate part of the exhaust gas, which is discharged 
to an exhaust passage from individual combustion 
chambers, to an intake passage and return that gas into 
the combustion chambers, thereby reducing the nitro- 
gen oxide (NOx) content in the exhaust gas. In appara- 
tuses of this type, an increased EGR amount, as 
compared to the prior art, is expected to further reduce 
the amount of NOx. 

The graph in Fig. 6 shows the relationship between 
the amount of EGR and the amount of NOx and fuel 
particulate. The permissible amount of NOx in exhaust 
gas was not as restricted in the past as it is now. There- 
fore, the amount (maximum amount) of EGR at a refer- 
ence level B2 was sufficient to meet the former 
requirements. However, in accordance with the present 
requirements for lower NOx, the maximum amount of 
EGR needs to be set at a reference level B1, which is 
greater than the reference level B2. An increase in the 
EGR amount beyond a referential value B1 increases 
the amount of fuel particulate in the exhaust gas while 
reducing the amount of NOx contained therein. The limit 
of acceptable fuel particulate amount is set at L1 . The 
difference between the limitation value L1 and the refer- 
ential value B1 is by far smaller than the difference 
between the value Li and the referential value B2. The 
EGR amount needs to be accurately controlled to 
approximate the referential value B1 so that the EGR 
amount does not exceed the limitation value L1 . In other 
words, the EGR amount needs to be controlled to 
approach the referential value B1 while minimizing fuel 
particulate discharge. Accordingly, the control accuracy 
of EGR apparatuses needs to be improved, for exam- 
ple, by adequately controlling the EGR amount based 
on the running condition of the engine. 



Japanese Unexamined Utility Model Publication 
No. 4-89843 discloses an EGR apparatus that controls 
the EGR amount based on the running condition of a 
diesel engine. The EGR apparatus has an EGR pas- 

5 sage, a diaphragmatic EGR valve, a control valve and a 
control unit. The EGR passage conducts exhaust gas 
from the exhaust passage to the air-intake passage . 
The EGR valve controls the EGR amount flowing 
through the EGR passage. The control valve selectively 

70 opens and closes the EGR valve. The control unit con- 
trols the control valve. 

The control unit calculates the amount of air drawn 
into the individual cylinders in the engine based on the 
rotational speed of the engine and the engine load 

is detected by various sensors. The resulting air amount 
value is hereinafter referred to as the "estimated intake 
air amount". The control unit obtains the amount of out- 
side air (new air) drawn into the intake passage based 
on values measured by an air-f lowmeter. The obtained 

20 value is hereinafter referred to as the "actual intake air 
amount". The control unit calculates the actual EGR 
rate based on the estimated intake air amount and the 
actual intake air amount and determines a target EGR 
rate referring to a function data (map). The control unit 

25 compares the target EGR rate with the actual EGR rate 
and controls the control valve such that the actual EGR 
rate matches the target EGR rate. 

The actual intake air amount drawn into the cylin- 
ders may deviate from the estimated intake air amount 

so because of deterioration in the engine that prevents the 
air flow therein, for example, a clogged air cleaner. To 
minimize the deviation, the control unit obtains the 
actual intake air amount by the air-f lowmeter in the non- 
EGR area, that is, while the EGR is not executed. The 

35 control unit further calculates the difference between 
the measured intake air amount and the estimated air 
amount and uses the resultant as a correction coeffi- 
cient. The control unit corrects the estimated intake air 
amount based on the correction coefficient, and thereby 

ao compensates for the deviation of the EGR rate. The 
compensation is performed on the assumption that the 
air-flowmeter has no tolerances and does not deterio- 
rate with age. The correction of the estimated intake air 
amount compensates for excess or short EGR caused 

45 by the tolerance in the intake characteristics of individ- 
ual engines, thereby minimizing the amount of NOx and 
fuel particulate in exhaust gas and preventing the fuel 
consumption from deteriorating. 

However, in the prior art EGR apparatus, tolerance 

so and deterioration in the air-flowmeter may produce error 
in the actual intake air amount. Errors in the actual 
intake air amount cause the estimated intake air amount 
to be wrongly compensated. The EGR amount may 
thus be inaccurate. 

55 One of the reasons for the above setback is that the 
EGR amount is indirectly calculated based on the differ- 
ence between the estimated intake air amount and the 
actual intake air amount. Therefore, errors of the air- 
flowmeter are entirely reflected in errors in the EGR 
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amount. Another reason is that errors of the air flow 
meter become greater as the actua! intake air amount 
becomes greater. Further, the control characteristics of 
a diesel engine require that the EGR amount be 
reduced so that the actual intake air amount increases 5 
as the engine load becomes greater. Therefore, in a die- 
sel engine, errors of the air flow meter greatly affect the 
EGR amount. 

As a result, the control accuracy of the EGR 
amount tends to deteriorate when the engine load is io 
high, that is, when the deterioration generates the most 
unburned fuel particulate. Therefore, even when the 
EGR is controlled, a great amount of unburned fuel par- 
ticulate is discharged. Further, when detecting an 
abnormality in the EGR amount, sufficient detection 75 
accuracy may not be obtained. Thus, there is a demand 
for an air flow meter that measures the actual intake air 
amount with a high accuracy. 

DISCLOSURE OF THE INVENTION 20 



4 

appended claims. The invention, together with objects 
and advantages thereof, may best be understood by ref- 
erence to the following description of the presently pre- 
ferred embodiments together with the accompanying 
drawings in which: 

Fig. 1 is a schematic diagram illustrating an engine 
system according to a first embodiment; 

Fig. 2 is a flowchart illustrating an "EGR control rou- 
tine"; 

Fig. 3 is a flowchart illustrating an "abnormality 
detecting routine"; 

Fig. 4 is a graph showing the relationship between 
the engine load and amounts QE, Q1, Q2; 

Fig. 5 is a graph showing function data used for cal- 
culating integrated values; and 
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Accordingly, the present invention relates to an Fig. 6 is a graph showing the relationship between 

EGR control apparatus that obtains an EGR amount EGR amount and the amount of discharged NOx 

and computes the difference or the ratio of the esti- and fuel particulate in a prior art apparatus, 

mated intake air amount, which is calculated based on 25 

parameters of the running condition of a diesel engine, DESCRIPTION OF SPECIAL EMBODIMENT 
and the actual intake air amount, which is measured by 

an intake air amount detection means, and controls the An embodiment of a exhaust gas recirculation 
EGR amount. It is a primary objective of the present apparatus in a diesel engine of a vehicle will now be 
invention to provide an EGR control apparatus in a die- 30 described with reference to the drawings, 
sel engine that accurately controls EGR amount even Fig. 1 is a schematic diagram illustrating a diesel 
when there are errors in the detected actual intake air engine system according to this embodiment. A diesel 
amount. engine 1 has a plurality of cylinders, each including a 
To achieve the foregoing and other objects and in combustion chamber 2. In the suction stroke of the 
accordance with the purpose of the present invention, a 35 engine 1 , suction ports 3 provided in the respective cyl- 
control apparatus for exhaust gas discharged from a inders are opened by intake valves 4. This allows out- 
diesel engine to an exhaust passage is provided. The side air, which is drawn into an air-intake passage 6 via 
apparatus has a recirculation system for recirculating an air cleaner 5, to flow into the individual combustion 
part of the exhaust gas to the diesel engine via an intake chambers 2. Fuel injection nozzles 7 provided for the 
passage, a computer tor controlling amount of the recir- <o individual cylinders inject fuel that is supplied under 
culating exhaust gas by controlling the recirculation sys- pressure by a fuel injection pump 8 into the associated 
tern and an intake sensor for detecting actual amount of combustion chambers 2. In the compression stroke of 
intake air flowing in the intake passage. The computer the engine 1 , the mixture of fuel and air in each combus- 
computes estimated amount of the intake air based on tion chamber 2 is compressed by the upward movement 
the driving condition of the engine and a difference <s of an associated piston 9 to be combusted. This corn- 
between the estimated amount and the actual amount bustion pushes the piston 9 downward to turn a crank- 
or the ratio of the estimated amount to the actual shaft 10, thus giving driving power to the engine 1. In 
amount. The computer controls the recirculation system the exhaust stroke of the engine 1, exhaust ports 11 
based on the calculated difference or the calculated respectively provided in the cylinders are opened by 
ratio so as to adjust the amount of the recirculating so exhaust valves 12. As a result, the exhaust gas pro- 
exhaust gas and corrects the actual amount based on duced in each combustion chamber 2 is discharged to 
the computed difference or the computed ratio when the an exhaust passage 13, from which the gas is further 
recirculation system stops the recirculation of the discharged outside. 

exhaust gas. A throttle valve 14 provided in the air-intake pas- 

55 sage 6 selectively opens or closes the air-intake pas- 

BRIEF DESCRIPTION OF THE DRAWINGS sage 6 in response to the manipulation of . an 

acceleration pedal 15. The actuation of the valve 14 

The features of the present invention that are adjusts the amount of outside air Q2 (actual intake air 

believed to be novel are set forth with particularity in the amount) drawn into the air-intake passage 6. 
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An exhaust gas recirculation (EGR) apparatus 16 
recirculates part of the exhaust gas, which is discharged 
to the exhaust passage 13 from individual combustion 
chambers 2, to the air-intake passage 6 and returns that 
gas into the individual combustion chambers 2. The 
EGR apparatus 16 has an EGR passage 17 for con- 
ducting part of the exhaust gas to flow to the air-intake 
passage 6 from the exhaust passage 13 and an EGR 
valve 18 for controlling the amount of EGR in the pas- 
sage 17. The EGR valve 18 is a diaphragm valve that 
selectively opens or closes in response to the selective 
application of negative pressure or atmospheric pres- 
sure as a working pressure. The EGR valve 18 has a 
housing 18b accommodating a diaphragm 18a, a valve 
body 18c secured to the diaphragm 18a, and a spring 
18d for urging the valve body 18c in the direction to 
close the EGR passage 17. This EGR apparatus 1 6 fur- 
ther includes an electric vacuum regulating valve 
(EVRV) 19. The EVRV 19 is electrically controlled to 
switch between the negative pressure or atmospheric 
pressure, which is selectively applied in the housing 
18b. 

The EVRV 19 is a three way valve having three 
ports 19a, 19b and 19c. The output port 19a is commu- 
nicated with the housing 18b of the EGR valve 18 via a 
communication passage 20. The negative pressure port 
19b is communicated with a vacuum pump 21 as a neg- 
ative pressure source. The atmospheric air port 1 9c is 
communicated with the atmospheric air via a filter 22. 
The filter 22 prevents dust and mud from entering the 
EVRV 19 through the atmospheric air port 19c. 

When the EVRV 19 is electrically enabled, the out- 
put port 19a is communicated with the negative pres- 
sure port 19b. This introduces negative pressure in the 
housing 18b of the EGR valve 18. In the EGR valve 18, 
the diaphragm 18a deforms upward against the force of 
the spring 18d to move the valve body 18c upward, 
thereby opening the EGR passage 17, that is, opening 
the EGR valve 18. This conducts the exhaust gas 
through the EGR passage 17 to be recirculated to the 
air-intake passage 6. The exhaust gas is returned to the 
individual combustion chambers 2 through the air- 
intake passage 6. In other words, EGR is executed. As 
the EVRV 19 is electrically disabled, on the other hand, 
the output port 1 9a and the atmospheric air port 19c are 
communicated. This introduces atmospheric pressure 
to the housing 1 8b. In the EGR valve 1 8, the diaphragm 
18a deforms downward by the urging force of the spring 
18d to move the valve body 18c downward. This closes 
the EGR passage 17. That is, the EGR valve 18 is 
closed. This stops flow of exhaust gas in the EGR pas- 
sage 17. The execution of EGR is thus suspended. 

The fuel injection pump 8, which is of a known dis- 
tribution type, supplies fuel to be combusted in each 
combustion chamber 2 to each injection nozzle 7. The 
injection pump 8 compresses the fuel retained in a fuel 
tank {not shown) to a highly pressurized state and sup- 
plies a predetermined amount of fuel under high pres- 
sure to the individual injection nozzles 7 at a 



predetermined timing. Each injection nozzle 7 operates 
based on the pressure of the pressurized fuel to inject 
the fuel to the associated combustion chamber 2. A 
governor (not shown) incorporated in the injection pump 

5 8 adjusts the amount of fuel (discharge timing) to be 
pumped out from the pump 8 each time. A timer (not 
shown) likewise incorporated in the injection pump 8 
controls the start timing for the fuel discharge from the 
pump 8. The governor and the timer are electrically con- 

10 trolled. A drive shaft 8a of the injection pump 8 is cou- 
pled to the crankshaft 10 of the engine 1. The injection 
pump 8 is driven in response to the operation of the 
engine 1. 

An air-flowmeter 31 as an intake amount detection 
75 means is located near the air cleaner 5. The air-flowm- 
eler 31 measures the amount of intake air or the actual 
intake air amount Q2 to be supplied into the air-intake 
passage 6 and issues a signal corresponding to the 
amount Q2. More specifically, the air-flowmeter 31 out- 
20 puts a voltage value VA as the value corresponding to 
the measured actual intake air amount Q2. An air tem- 
perature sensor 32 located next to the air-flowmeter 31 
detects the temperature of air (intake air temperature) 
THA to be supplied to the air-intake passage 6 and 
25 issues a signal corresponding to the detected tempera- 
ture. A throttle sensor 33 provided in the vicinity of the 
throttle valve 14 detects the opening amount of the 
valve 14 as an acceleration opening amount ACCP 
(corresponding to the amount of the manipulation of the 
30 acceleration pedal 15) and issues a signal correspond- 
ing to that opening amount. The sensor 33 incorporates 
a known idle switch (not shown). When the throttle valve 
14 is fully closed, i.e., when the acceleration pedal 15 is 
not manipulated, the idle switch is set "ON" and outputs 
35 an idle signal IDL indicative of the fully-closed state of 
the pedal 15. An intake manifold pressure sensor 34, 
which is provided in the air-intake passage 6, detects 
intake manifold pressure PM in the air-intake passage 6 
and issues a signal corresponding to the manifold pres- 
to sure. A rotational speed sensor 35 provided at the injec- 
tion pump 8 detects the rotational speed of the 
crankshaft 10 or the engine speed NE based on the 
rotational speed of the drive shaft 8a, and issues a sig- 
nal corresponding to the engine speed. 
45 A diagnostic lamp 30 provided at the instrument 

panel (not shown) in the passenger compartment of a 
vehicle informs the driver that there is abnormality in the 
air-flowmeter 31. 

An electronic control unit (ECU) 41 receives signals 
so outputted from the aforementioned various kinds of sen- 
sors 31 to 35. Based on those signals, the ECU 41 con- 
trols the injection pump 8, the EVRV 19 and the 
diagnostic lamp 30. 

The ECU 41 includes a central processing unit 
55 (CPU) 42, a read only memory (ROM) 43. a random 
access memory (RAM) 44, and a backup RAM 45. The 
ECU 41 is a logical operation circuit incorporating the 
components 42 to 45, an external input interface circuit 
46 and an external output interface circuit 47. The com- 
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ponents 42 to 45 and the interface circuits 46, 47 are 
connected by a bus 48. The CPU 42 has a function to 
control calculations and a function as a counter. Prede- 
termined control programs are previously stored in the 
ROM 43. The RAM 44 temporarily stores the results of 5 
computations performed by the CPU 42. The backup 
RAM 45 retains prestored data. The external input inter- 
face circuit 46 includes a buffer, a wave shaper and an 
A/D converter. The external output interface circuit 47 
includes a drive circuit. The sensors 31 to 35 are con- 10 
nected to the external input interface circuit 46. The 
injection pump 8, the EVRV 19 and the diagnostic lamp 
30 are connected to the external output interface circuit 
47. 

The CPU 42 reads the signals from the sensors 31 75 
to 35 as input values, which are inputted via the external 
input interface circuit 46. Based on the inputted values, 
the CPU 42 controls the injection pump 8, the EVRV 1 9 
and the diagnostic lamp 30 to execute the fuel injection 
control. EGR control and abnormality detecting control 20 
associated with the air-flowmeter 31. 

The fuel injection control in this embodiment refers 
to control of the amount and the pump-out timing of fuel 
pumped out from the injection pump 8 in accordance 
with the running conditions of the engine 1. The EGR 25 
control refers to an actuation of the EGR valve 18 by 
controlling the EVR valve 19 in accordance with the run- 
ning conditions ol the engine 1 to control the amount of 
EGR. 

The ECU 41 performs various controls. Among 30 
those controls, the procedures for the EGR control and 
the abnormality detection control associated with the 
air-flowmeter 31 will now be described. The control pro- 
grams for various routines are illustrated in the flow- 
charts in Figs. 2 and 3. The programs are previously 35 
stored in the ROM 43. 

Fig. 2 presents the flowchart illustrating an "EGR 
control routine" for executing the EGR control. The ECU 
41 periodically performs the routine at predetermined 
intervals. 40 

In step 100, the ECU 41 reads the intake air tem- 
perature THA, the intake manifold pressure PM and the 
engine speed NE based on the detection signals from 
the sensors 32, 34 and 35, respectively. 

In step 101, the ECU 41 calculates the amount of 45 
air drawn into the combustion chambers 2, or the esti- 
mated intake air amount Q1, based on the inputted 
parameters THA, PM and NE. More specifically, the 
ECU 41 calculates the estimated intake air amount Q1 
based on the predetermined function data utilizing the so 
intake air temperature THA. the manifold pressure PM 
and the engine speed NE as parameters. The estimated 
intake air amount Q1 is a theoretical value determined 
in accordance with the running condition of the engine 
1. The value of Q1 basically depends on the speed NE 55 
and the load of the engine 1 . In this embodiment, the 
ECU consults the intake air temperature THA, as well 
as the parameters NE and PM, to calculate the esti- 
mated intake air amount Q1, thereby improving the cal- 
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culation accuracy of Q1 . 

In step 1 10, the ECU 41 reads the voltage value VA 
outputted from the air-flowmeter 31. The ECU 41 also 
reads the correction coefficient k that is stored in the 
backup RAM 45. The correction coefficient k will be dis- 
cussed later. 

In step 111, the ECU 41 obtains the actual intake 
air amount Q2 based on the inputted parameters VA 
and k. More specifically, the ECU 41 multiplies the 
measured voltage value VA by the correction coefficient 
k for correcting the voltage value VA, thereby obtaining 
the actual intake air amount Q2. Fig. 4 presents a graph 
illustrating the relationship between the engine load and 
the estimated and actual intake air amounts Q1, Q2. 
The graph also shows the relationship between the 
engine load and EGR amount QE (the area marked by 
hatching). As shown in the graph, the ECU 41 executes 
the EGR control such that the EGR amount QE 
decreases as the engine load increases. In this opera- 
tion, the estimated intake air amount Q1 is calculated by 
adding the EGR amount OE to the actual intake air 
amount Q2. As illustrated by two broken lines in the 
graph, the actual intake air amount Q2 includes a devi- 
ation DE caused by deterioration and tolerance. The 
deviation DE becomes greater, as the engine load 
increases. 

In step 120, the ECU 41 judges if conditions for cal- 
ibration of the air-flowmeter 31 are satisfied. The air- 
flowmeter 31 may have errors in measured values due 
to its deterioration with age and tolerances. The calibra- 
tion of the air-flowmeter 31 in this embodiment refers to 
correction of measuring errors of the meter 31 by using 
a predetermined referential value. 

Generally, an error in a value measured by the air- 
flowmeter 31 is apt to be greater when the engine speed 
NE is higher and the engine load is greater. In the step 
120, the calibration conditions consist of a high engine 
speed, a great engine load, inoperation of EGR, and a 
steady running condition of the engine 1. When all 
these conditions are met, the calibration conditions are 
satisfied. Alternatively, the calibration conditions may be 
considered to be satisfied when the execution ol EGR is 
forced to stop when the engine 1 is steadily idling. When 
the calibration conditions are satisfied in step 120, the 
ECU 41 proceeds to step 130. 

In step 130, the ECU 41 judges if the estimated 
intake air amount Q1 is equal to the actual intake air 
amount Q2. In the step 130. the estimated intake air 
amount Q1 when EGR is not executed is used. When 
EGR is not executed, the exhaust gas is not recirculated 
to the air-intake passage 6. Therefore the estimated 
intake air amount Q1 is theoretically equal to the 
amount of the outside air drawn into the engine 1, that 
is, Q1 is theoretically equal to the actual intake air 
amount Q2. Here, the value of the estimated intake air 
amount Q1 is used as a referential value. Therefore, the 
difference between the estimated and actual intake air 
amounts Q1 , Q2 is equal to an error in voltage value VA 
measured by the air-flowmeter 31. 
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If the intake air amounts Q1 and Q2 are equal to 
each other, the ECU 41 judges that there is no error in 
the voltage value VA and temporarily terminates the 
subsequent processing. If the intake air amounts Q1 
and Q2 are different from each other, on the other hand, 
the ECU 41 judges that there is an error in the voltage 
value VA and proceeds to step 140. 

In step 140, the ECU 41 calculates an integral value 
a, which is used for correcting the voltage value VA of 
the air-flowmeter 31 based on the difference between 
the actual intake air amount Q2 and the estimated 
intake air amount Ql. The ECU 41 uses the function 
data shown in Fig. 5 for calculating the integral value a. 

In step 150, the ECU 41 obtains a new correction 
coefficient k by adding the integrated value a calculated 
in the previous step to the correction coefficient kO, 
which is obtained in the previous routine. The initial 
value of the correction coefficient k is 1.0. 

In step 160, the ECU 41 stores the correction coef- 
ficient k, which is calculated in step 140, in the backup 
RAM 45 and then temporarily terminates the subse- 
quent processing. The ECU 41 reads the correction 
coefficient k in step 1 1 0 of the next routine. 

When the calibration conditions are not satisfied in 
step 120 the ECU 41 goes to step 170 in order to exe- 
cute EGR. 

In step 170. the ECU 41 obtains EGR amount QE 
by subtracting the actual intake air amount Q2 from the 
estimated intake air amount Q1. In step 170, the esti- 
mated intake air amount Q1 calculated during the exe- 
cution of EGR is used. The estimated intake amount Q1 
thus includes part of the exhaust gas recirculated to the 
air-intake passage 6 and outside air drawn into the air- 
intake passage 6. Therefore, the EGR amount QE is 
equal to the difference between the estimated intake air 
amount Q1 and the actual intake air amount Q2. 

In step 171. the ECU 41 calculates a target EGR 
amount TQE in accordance with the current running 
condition of the engine 1 based on the parameters 
ACCP and NE detected by the sensors 33, 35. 

In step 172, the ECU 41 calculates the difference 
between the calculated target EGR amount TQE and 
the EGR amount QE and obtains the resultant value as 
a deviation value of the EGR control p. The ECU 41 can 
obtain the target EGR amount TQE by adjusting the 
EGR amount QE such that the deviation value p 
approaches zero. 

In step 173, the ECU 41 calculates a command 
value VD to be sent to the EVRV 19 based on the devi- 
ation p. The command value VD allows the deviation p 
to approach zero 

In step 174, the ECU 41 controls the EVRV 19 
based on the command value VD for controlling EGR 
valve 18 and then temporarily terminates the subse- 
quent processing. 

Fig. 3 presents a flowchart illustrating an "abnor- 
mality detecting routine" for detecting abnormality in the 
air-flowmeter 31 based on the correction coefficient k. 
The ECU 41 periodically performs this routine at prede- 



termined intervals. 

In step 200, the ECU 41 reads the value of the cor- 
rection coefficient stored in the backup RAM 54. 

In step 210, the ECU 41 compares the value of the 

5 correction coefficient k with a predetermined referential 
value k1 . The referential value k1 is equal to the minimal 
value in a range of the correction coefficient k values 
indicating that the coefficient k is abnormally great, or 
that there is an abnormality in the air-flowmeter 31 . The 

io value of the coefficient k when the air-flowmeter is in the 
normal state ranges for example from 0.9 to 1.1. The 
value of the coefficient k when the air-flowmeter is in the 
abnormal state ranges for example from 1.3 to 1.4. In 
this case, the value of the referential value may be set at 

75 1 .3. When the coefficient k is smaller than k1 , the ECU 
41 judges that there is no abnormality in the air-flowme- 
ter 31 itself and proceeds to step 220. 

In step 220, the ECU 41 turns the diagnostic lamp 
30 off. In step 230, the ECU 41 stores a normal state 

20 code, which indicates that the air-flowmeter 31 itself is 
in the normal state, in the backup RAM 45. The ECU 41 
then temporarily terminates the subsequent processing. 

In step 210, when the correction coefficient k is 
equal to or greater than the referential value k1. on the 

25 other hand, the ECU judges that there is an abnormality 
in the air-flowmeter 31 itself and proceeds to step 240. 

In step 240. the ECU 41 illuminates the diagnostic 
light 30 for indicating an abnormality of the air-flowmeter 
31. In step 250, the ECU 41 stores an abnormal state 

30 code, which indicates that there is an abnormality in the 
air-flowmeter 31 itself, in the backup RAM 45. The ECU 
41 then temporarily terminates the subsequent 
processing. 

As described above, the ECU 41 of this embodi- 
35 ment calculates the air amount drawn into the combus- 
tion chambers 2 of the engine 1 as the estimated intake 
air amount Q1 based on various parameters concerning 
the engine's running condition. The ECU 41 reads the 
amount of the outside air measured by the air-flowmeter 
40 31 as the actual intake air amount Q2. The ECU 41 
obtains the difference between the estimated intake air 
amount Q1 and the actual intake air amount Q2 as EGR 
amount QE. The ECU 41 controls the EVRV 19 accord- 
ing to EGR amount QE, thereby controlling the EGR 
45 valve 18. The ECU 41 also corrects the value of the 
actual intake air amount Q2 in accordance with the dif- 
ference between the estimated and actual intake air 
amounts Q1, Q2 calculated while the EGR is not exe- 
cuted. 

50 When EGR is not executed, the exhaust gas is not 
recirculated to the air-intake passage 6. Therefore the 
estimated intake air amount Ql is theoretically equal to 
the amount of the outside air drawn into the engine 1 . In 
other words the estimated intake air amount Ql is theo- 

55 retically equal to the actual intake air amount Q2. When 
the value of the estimated intake air amount Ql is used, 
as a referential value, the difference between the esti- 
mated and actual intake air amounts Q1 . Q2 is equal to 
an error in the measured actual intake air amount Q2. 
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An error in the actual intake air amount Q2 is cor- 
rected in accordance with the difference between the 
estimated and actual intake air amounts Ql, Q2. This 
allows the EGR amount QE that is controlled during the 
EGR operation to be correctly calculated. Therefore, s 
even if a value measured by the air-llowmeter 31, or the 
voltage value VA, includes an error, the EGR amount 
QE is accurately controlled. This prevents an excessive 
or low EGR amount caused by deterioration or toler- 
ance of the air -flowmeter 31. This even increases the w 
EGR amount to its maximum while restricting the dis- 
charge of fuel particulate. Accordingly, discharge of 
NOx and soot from the engine 1 is restricted and deteri- 
oration of the engine's mileage is prevented. 

In this embodiment, the ECU 41 calculates the esti- is 
mated intake air amount Q1, which is a theoretical 
value, based on various parameters including the intake 
manifold pressure PM and the engine's rotation speed 
NE. During execution of the EGR, the amount of EGR 
QE is accurately calculated based on the estimated 20 
intake air amount Ql . Therefore, even when there is an 
error in a value measured by the air-flowmeter 31, the 
EGR amount QE is accurately controlled. Especially in 
this embodiment, the intake air temperature THA is 
used as one of the parameters for calculating the esti- 25 
mated intake air amount Ql together with the parame- 
ters PM. NE. This improves the accuracy in the 
calculation of the estimated intake air amount Ql, 
thereby improving the control accuracy of EGR amount 
QE* 30 

In this embodiment, the diagnostic lamp 30 is lit 
when abnormality of the air-flowmeter 31 itself is 
detected. This quickly notifies the driver of the existence 
of the abnormality. Therefore, the driver can replace the 
air-flowmeter 31 for restoring the controllability of the 35 
EGR. In this manner, the driver can deal with emission 
deterioration of the engine 1 in its early stages. 

In this embodiment, when an abnormality is 
detected in the air-flowmeter 31 itself, an abnormal 
state code indicating the abnormality is stored in the 40 
backup RAM 45. Therefore, when the engine 1 is 
inspected, the inspector can obtain the history record of 
abnormality in the air-flowmeter 31 by reading the data 
stored in the backup RAM 45. This allows the air-flowm- 
eter 31 to be replaced at an adequate time. In this man- 45 
ner, deterioration of the engine's emissions is dealt with 
in its early stage. 

Although only one embodiment of the present 
invention has been described herein, it should be 
apparent to those skilled in the art that the present so 
invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
invention. Particularly, it should be understood that the 
present invention may be embodied in the following 
forms. 55 

In the above described embodiment, the intake air 
temperature THA, the intake mantfold pressure PM and 
the engine speed NE are used as parameters for calcu- 
lating the estimated intake air amount Q1 . However, the 



intake air temperature THA may be omitted. 

In the described embodiment, the difference 
between the estimated intake air amount Q1 and the 
actual intake air amount Q2 is used as the EGR amount 
QE. The EGR amount QE may however be calculated 
based on the ratio of the estimated intake air amount Q1 
and the actual intake air amount Q2. 

In the described embodiment, the vacuum pump 21 
is used as the negative pressure source. However, part 
of the intake air passage where a negative pressure is 
generated when the engine is running may be used as 
the negative pressure source. In this case the negative 
pressure port of the EVRV is communicated with such 
part. 

In the first embodiment, the EGR valve 18 control- 
led by the EVRV 19 is used. However, an EGR valve 
driven by a step motor may be used. 

Therefore, the present examples and embodiments 
are to be considered as illustrative and not restrictive 
and the invention is not to be limited to the details given 
herein, but may be modified within the scope of the 
appended claims. 

An exhaust gas recirculation (EGR) control appara- 
tus recirculates part of the exhaust gas discharged to a 
exhaust passage from a diesel engine to a intake pas- 
sage and returns it to the engine. The control apparatus 
further includes an EGR valve for controlling gas flow in 
the EGR passage and pressure control valve for con- 
trolling the EGR passage. An electronic control unit 
(ECU) calculates the amount of air drawn into the 
engine as an estimated intake air amount based on the 
running condition of the engine. The ECU reads the 
amount of outside air drawn into the engine measured 
by an air-flowmeter as an actual intake air amount. The 
ECU obtains an EGR amount by calculating the differ- 
ence or ratio of the estimated and actual intake air 
amounts as the EGR amount. The ECU controls the 
pressure control valve based on the calculated differ- 
ence, thereby controlling the EGR valve 18. The EGR 
amount is controlled, accordingly. The ECU corrects the 
actual intake air amount measured by the air-flowmeter 
according to the difference between the estimated and 
actual intake air amount calculated while EGR is not 
being executed. 

Claims 

1. A control apparatus for exhaust gas discharged 
from a diesel engine to an exhaust passage, 
wherein said apparatus has a recirculation system 
for recirculating part of the exhaust gas to the diesel 
engine via an intake passage, a computer for con- 
trolling amount of the recirculating exhaust gas by 
controlling the recirculation system and an intake ■ 
sensor for detecting actual amount of intake air 
flowing in the intake passage, characterized by that 
said computer (41) computes estimated amount of 
the intake air based on the driving condition of the 
engine (1) and a difference between the estimated 
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amount and the actual amount or the ratio of the 
estimated amount to the actual amount, said com- 
puter (41) controls the recirculation system (16) 
based on the calculated difference or the calculated 
ratio so as to adjust the amount of the recirculating 
exhaust gas and corrects the actual amount based 
on the computed difference or the computed ratio 
when the recirculation system (1) stops the recircu- 
lation of the exhaust gas. 

2. The apparatus as set forth in Claim 1 , characterized 
by a pressure sensor (34) for detecting intake pres- 
sure in the intake passage (6) and speed sensor 
(35) for detecting engine speed, wherein said com- 
puter (41) computes the estimated amount based 
on parameters including the intake pressure 
detected by the pressure sensor (34) and the 
engine speed detected by the speed sensor (35). 

3. The apparatus as set forth in Claim 2, characterized 
by a temperature sensor (32) for detecting temper- 
ature of the intake air flowing in the intake passage 
(6), wherein said computer (41) computes the esti- 
mated amount based on the parameters including 
the intake pressure detected by the pressure sen- 
sor (34), the engine speed detected by the speed 
sensor (35) and the temperature of the intake air. 

4. The apparatus as set forth in any one of the preced- 
ing claims, characterized by that said recirculating 
system (16) includes an EGR passage (17) for 
guiding part of the exhaust gas from the exhaust 
passage (13) to the intake passage (6) and an EGR 
valve (18) for adjusting the exhaust gas flow in the 
EGR passage (17), wherein said EGR valve (18) 
selectively opens and closes the EGR passage 
(17). 

5. The apparatus as set forth in any one of the preced- 
ing claims, characterized by an intake-air sensor 
(31) for detecting amount o1 the intake-air and a 
warning device (30) for warning the operator of mal- 
function of the intake-air sensor (31), wherein said 
computer (41) determines the malfunction of the 
intake-air sensor (31) based on the computed dif- 
ference or the computed ratio and actuates the 
warning device (30). 

6. The apparatus as set forth in Claim 5, characterized 
by a recording device (45) for recording the mal- 
function of the intake-air sensor (31), wherein said 
computer (41) determines the malfunction of the 
intake-air sensor (31) based on the computed dif- 
ference or the computed ratio and actuates the 
recording device (45). 

7. The apparatus as set forth in any one of the preced- 
ing claims, characterized by said computer includes 
an electric control unit (41) that has an input inter- 



face circuit (46), memories (43, 44, 45), a comput 
ing circuit (42) and an output interface circuit (47). 
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(54) Control apparatus for exhaust gas recirculation system for diesel engine 



(57) An exhaust gas recirculation (EGR) control 
apparatus recirculates part of the exhaust gas dis- 
charged to a exhaust passage from a diesel engine to a 
intake passage and returns it to the engine. The control 
apparatus further includes an EGR valve for controlling 
gas flow in the EGR passage and pressure control valve 
for controlling the EGR passage. An electronic control 
unit (ECU) calculates the amount of air drawn into the 
engine as an estimated intake air amount based on the 
running condition of the engine. The ECU reads the 
amount of outside air drawn into the engine measured 
by an air-f lowmeter as an actual intake air amount. The 
ECU obtains an EGR amount by calculating the differ- 
ence or ratio of the estimated and actual intake air 
amounts as the EGR amount. The ECU controls the 
pressure control valve based on the calculated differ- 
ence, thereby controlling the EGR valve 18. The EGR 
amount is controlled, accordingly. The ECU corrects the 
actual intake air amount measured by the air-f lowmeter 
according to the difference between the estimated and 
actual intake air amount calculated while EGR is not 
being executed. 
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